A facile one-step method was developed for the fabrication of hierarchical ZnO film on substrate. Neither seed nor catalyst layer is necessary for the growth of hierarchical ZnO film. Three kinds of nucleation process were found, and the influences of growth time, growth electrolyte, growth temperature on the morphology of ZnO film were evaluated. Hierarchical ZnO film can absorb more than 97% of incident photons with wavelength shorter than 380 nm. Such hierarchical ZnO film would be a promising scaffold for photoelectrochemical application.
Introduction
Solar energy conversion becomes increasingly important because of severe energy crisis and environmental problems. Semiconductor nanostructures play important roles in the field of solar energy conversion, including solar cell, photoelectrochemical water splitting, photocatalysts, and so on. Among candidate architectures, onedimensional (1D) nanostructures gain extensive attentions, because of their remarkable capability in light ab-sorption and collection of photogenerated carriers [1] [2] . Recent advances demonstrate that hierarchical or secondary branching 1D nanostructures can further enhance power conversion efficiency (PCE), in comparison with their first level 1D counterpart [3] - [10] . Such enhancement has been attributed to the improvement of light absorption and larger surface area.
As a direct band gap semiconductor, zinc oxide (ZnO) has been widely used in the fields of dye-sensitized solar cell (DSSC) [11] - [13] , photoelectrochemical water splitting cell [8] [14] - [16] , piezoelectric nanogenerators [17] - [19] , and so on. Consequently, the growth of 1D ZnO (i.e. ZnO nanowires) has attracted extensive attentions. Many approaches have been developed to synthesize ZnO nanowires on substrates, including ambient pressure solution growth [20] - [22] , hydrothermal growth [23] - [25] , electrochemical deposition [26] - [28] , and gas phase deposition [29] [30] . Ambient pressure solution growth is particularly promising for large scale application because of its simplicity, good cost efficiency, and ability to produce ZnO nanowires on large-dimension substrate. In ambient pressure solution growth (and also other methods) a layer of ZnO seed [20] - [22] [31]- [34] or metal catalyst (e.g. Au, Ag, Cu) [35] - [37] on the substrate is usually necessary to initiate the growth of ZnO nanowires. The fabrication of seed or catalyst layer increases the complexity and the cost of growth procedures, and therefore the seedless and catalyst-free growth of ZnO nanowires is stimulated [38] - [45] . On the other hand, the fabrication of hierarchical or secondary branching 1D ZnO typically involves multiple steps, including the growth of the first level ZnO nanowires, the deposition of ZnO seeds on the first level ZnO nanowires, and the growth of secondary ZnO structure on the first level ZnO nanowires [46] - [54] . The seedless and catalyst-free one-step growth of hierarchical or secondary branching 1D ZnO directly on substrate remains a major challenge.
In this article, a facile method for the convenient fabrication of ZnO film on indium tin oxide (ITO) substrate is presented. The hierarchical ZnO film (~50 μm thickness) being assembled by flower-like ZnO particles (~8 m diameter) can be fabricated on ITO substrate in one-step ambient pressure solution growth, and neither seed nor catalyst layer is necessary for the growth of hierarchical film. The influences of growth time, quantity of ammonia, and growth temperature on the morphology of ZnO film have been evaluated. The resulting ZnO film exhibits firmly adhesion onto ITO substrate, and shows prominent PCE superior to hierarchical ZnO assembly fabricated via multi-step process. The introduced convenient strategy for the fabrication of ZnO film on substrate would be a new promising approach to the design and exploitation of materials exhibiting prominent photoelectrochemical performance.
Material and Methods

Reagents
Ammonia solution (NH 3 ·H 2 O, GR, 25 -28 wt%), zinc nitrate hexahydrate (Zn(NO 3 ) 2 •6H 2 O, AR), sodium sulfate anhydrous (Na 2 SO 4 , ACS) were purchased from Sinopharm Chemical Reagent Company Limited, and used as received without any purification.
Fabrication
In a typical synthesis, Zn(NO 3 ) 2 •6H 2 O (1.04 g, 3.5 mmol) was dissolved in 100 mL deionized water with magnetic stirring (1600 rppm). With Zn(NO 3 ) 2 being dissolved, ammonia (3.0 mL, 25 -28 wt%) was added dropwise. The mixture turned turbid firstly and then became clear with the continuous addition of ammonia. The pH value of growth solution was measured by a Model PHS-3C pH meter. ITO substrate was cleaned by ultrasonication in acetone, ethanol and deionized water each for 10 minutes, respectively. ITO substrate was then placed on the bottom of beaker with conducting side facing up, and the beaker was sealed with plastic wrap to prevent the volatilization of ammonia during experiments. The beaker was then placed in electric oven (70˚C) for 6 hours. After 6 hours, the ITO substrate was covered with a thick layer of white film and turned opaque. Finally, ITO substrate was taken out from growth solution, rinsed extensively with deionized water and dried in ambient air.
In comparative experiments, the amount of ammonia, and growth temperature, growth time were varied to evaluate their influence on the morphology of resulting ZnO film.
Characterization
The morphology of ZnO film on ITO substrate was accessed by scanning electron microscopy (SEM, 7001F, JEOL), and the micro-structural information was investigated by transmission electron microscopy (TEM, 2100, JEOL). For TEM observations, ZnO particles were scratched off from ITO substrate and dispersed in ethanol by ultrasonication (5 minutes). The dispersion of ZnO in ethanol was then dropped onto carbon-supported Cu grids and dried at 100˚C for 5 min under ambient atmosphere. X ray diffraction (XRD) experiments were performed on a D8 Advance powder X-ray diffractometer (Bruker) with graphite-monochromatized Cu KR radiation (λ = 1.54178 Å). UV-Vis diffuse transmittance and reflectance spectra of sample were recorded in the wavelength of 300 -600 nm using a UV4100 (Hitachi) spectrophotometer with an integrating sphere.
Photoelectrochemical Performance
Before photoelectrochemical measurement, the ZnO films were annealed at 500˚C for 90 min in muffle furnace. The photoelectrochemical measurements of ZnO films were carried out in phosphate buffer (pH = 7) containing 0.5 M Na 2 SO 4 with an electrochemical workstation (CHI 614D, CH Instrument). Three-electrode configuration was adopted in measurements, with ZnO-covered ITO as working electrode, a platinum plate (1 × 1 cm 2 ) as counter electrode, and a mercury/mercurous sulfate reference electrode (MSE) the reference electrode. The ITO substrate covered with ZnO film was assembled into a homemade Teflon electrochemical cell, with only a defined area (0.6358 cm 2 ) of the front surface of sample exposing to electrolyte during measurements. The electrolyte was bubbled with high purity N 2 for 1 hour to remove dissolved oxygen prior to the measurements. For photoelectrochemical measurement, illumination was generated by a 350 W Xenon lamp, and incident light density was adjusted to 100 mW/cm 2 prior to each experiment. A potential measured with respect to MSE electrode (φ MSE ) can be converted to reversible hydrogen evolution potential (RHE) scale (φ RHE ) with the relation: φ RHE = φ MSE + φ MSE vs. SHE + 0.059 × pH [55] . The PCE (η) of photoanode (ZnO-covered ITO) in water splitting can be evaluated using the formula: η = I(1.23 − V app )/P light [55] , where V app is the applied voltage (vs. RHE)，I is the measured externally current density, and P light is the power density of the illumination.
Results and Discussion
Structure and Composition Analysis
In a typical experiment, ZnO film was grown on ITO substrate in a growth solution (100 mL) composed of Zn(NO 3 ) 2 •6H 2 O (1.04 g, 3.5 mmol) and ammonia (25 -28 wt%) (3.0 mL, 40.0 -44.4 mmol) at 70˚C for 6 hours. The growth solution turns turbid 40 minutes after temperature increased to 70˚C. Meanwhile the ITO substrate and wall of beaker begin to turn opaque. The growth solution becomes clear again in another one hour. After 6 hour, a thick white film can be found on the surface of ITO substrate (Figure S1(a) , Supporting Information) and the wall of beaker (Figure S1(b) , Supporting Information) exposing to growth solution. The adhesion between white film on ITO substrate and beaker is sufficiently tight so that the white film on ITO substrate and beaker can survive from rinsing with copious amount of deionized water. The growth of ZnO film was conveniently carried out under ambient pressure, and can be utilized to grow ZnO film on relative large substrate (eg. a glass with ~16 cm diameter, Figure S1 (c), Supporting Information).
The typical morphology of white film deposited on ITO substrate was revealed by SEM. The plan-view SEM image (Figure 1(a) ) shows that the film are assembled by flower-like ZnO particles. Upon close examination, it is shown that each particle composes of a large number of pencil-like petals, and these petals radiate from a common center (plan-view SEM image, Figure 1(b) ). The length of pencil-like petals is ca. 3 μm, and the diameter of flowers is ca. 6 μm. The diameter at the larger end of petals ranges from several hundreds of nanometers to more than 1 μm. Two typical morphologies at the end of petals can be found. Some petals have sharp end and smooth surface (open arrows, Figure 1(b) ), whilst some exhibit step edges (filled arrows, Figure 1(b) ). In addition, no preferred radiating direction of pencil-like petals can be found, and petals are aligned towards various orientations. The overall cross-sectional view SEM image (Figure 1(c) ) shows that ZnO flowers are stacked in random, resulting to a ca. 50 μm film.
It has been mentioned that the ZnO film can survive from rinsing, suggesting that ZnO flowers are sticked firmly to each other and to the ITO substrate. SEM characterization reveals that this feature can be attributed to a cross-link configuration between adjacent ZnO flowers. It is shown in Figure 2 (a) that a large amount of junctions are formed between petals from adjacent flowers (e.g. indicating by arrow). Although it is hard to investigated the crystallinity relation of junction because of the large diameter of petals forming junction, the SEM image suggests that the these petals are embedded in each other, forming rigid junctions. These junctions behave like soldering points, and stick firmly adjacent ZnO flowers. On the other hand, it is shown that some ZnO flowers grow directly from ITO substrate (as indicating by arrow in Figure 2 (b)), implying the firm adhesion between these ZnO flowers and ITO substrate. Therefore, adjacent flowers are connected firmly one by one in all dimensions and some flowers are "welded" to substrate, forming a rigid network. The overall structural information of ZnO film was accessed via XRD experiments. Well-defined peaks can be found on XRD patterns (Figure 3(a) ). These patterns match well those from hexagonal ZnO (JCPDS #80-75, a = 0.32539 nm, c = 0.52098 nm), suggesting the good crystallinity of ZnO films. It is worth noting that all peaks from database patterns can be found in XRD patterns of hierarchical ZnO film, suggesting the random aligned orientation of ZnO petals. This feature is in accordance with that revealed by SEM images (Figure 1) .
TEM characterization has been carried out to scrutinize the detailed structure of ZnO petals. Figure 3 (b) shows a TEM image of a ZnO petal released from flowers, in which a typical pencil-like morphology is confirmed. The diameter of petal at bottom and top end is 250 nm and 90 nm, respectively, and the length of rod is 940 nm. The detailed crystal structure of ZnO petals can be accessed via high resolution TEM (HRTEM) experiments. Well-defined fringes of lattice planes can be found in HRTEM image (Figure 3(c) ), confirming the good crystallinity. The corresponding reciprocal lattice, the two-dimensional fast Fourier transfer (FFT) (inset of 
Effect Factors
The influences of growth time, quantity of ammonia, and growth temperature on the morphology of ZnO film have been evaluated.
In order to get insight into the growth progress of ZnO film, SEM characterizations of samples subjected to growth for different times were carried out, and the results are shown in Figure 4 . Copious amount of particles are sparsely distributed on ITO substrate subjected to one-hour growth (Figure 4(a) ). The size and morphology of these particles are different, suggesting that the nucleation of different ZnO particles occurs at different growth times. Some ZnO nuclei emerge on ITO substrate (Figure 4(b) ), being slab (ca. 40 nm thickness) and small particle (ca. 20 nm diameter), whilst some nuclei have evolved into starlike particles (Figure 4(c) ), and more arms of stars have presented in other particles (Figure 4(d) ). In addition, copious amount of small particles (ca. 20 nm diameter) are located on the surface of starlike particles (Figure 4(d) ).
With growth time increasing to two hours, the surface of ITO substrate is fully covered by the assembly of ZnO flowers (Figure 4(e) ). The ZnO flowers are more uniform in size than those grown for 1 hour, with diameter about 4.33 ± 0.59 μm. The quantity of arms is much more than that found in one-hour growth sample, and the morphology of ZnO particles have evolved from starlike to flower-like. In addition, the surface of petals on ZnO flowers are smooth, without small particles (Figure 4(f) ). Cross-sectional view SEM image reveals that the thickness of ZnO film is increased to ca. 18 μm (Figure S3, Supporting Information) . Although the ZnO film is thick, such film is loosely assembled, and they can be easily peered off ITO substrate even in rinsing process.
With growth times further increasing, the quantity of petals on ZnO flowers decreases gradually, and the morphology of ZnO particles evolves to those shown in Figure 1 . Meanwhile, the thickness of ZnO assembly increases from ca. 18 μm (1 hours growth) to ca. 50 μm (6 hours growth). Although the thickness of ZnO film increases with times, only films grown for 6 hours exhibit sufficient adhesion between flower-like ZnO particles.
To explore the influence of ammonia quantity on the morphology of ZnO film, a series of comparative experiments were carried out. In the preparation of stock growth solution, ammonia (25 -28 wt%) was added dropwise into aqueous Zn(NO 3 ) 2 solution (100 mL) with stirring. With the addition of ammonia, the growth solution turns turbid and then become clear again when the volume of ammonia exceeds 1.8 mL. Therefore, different stock growth solutions were prepared with the volume of ammonia varying from 2 mL to 4.5 mL with 0.5 mL interval, and the concentration of Zn(NO 3 ) 2 was kept as 0.035 M. The quantity of ammonia in different growth solutions can be found in Table S1 (Supporting Information).
The morphologies of ZnO films grown in different growth solutions are shown in Figure 5 . Flower-like morphology is formed in samples grown in solutions containing 2 -3.5 mL ammonia (Figures 5(a)-(d) ), whereas ZnO film grown in solution containing 4 mL ammonia is ZnO nanowires partially covered with one-layer of flower-like ZnO particles (Figure 5(e) , see more details in Figure S4 , Supporting Information). With the volume of ammonia increased to 4.5 mL, no ZnO is grown on ITO substrate. In addition, the detailed morphology of ZnO flower is also influenced by the amount of ammonia. The diameter of ZnO flowers increases with the amount of ammonia (Figure 5(f) ). On the other hand, the aspect ratio of petals in ZnO flower grown with 2 mL ammonia ( Figure 5(a) ) is much smaller than that grown with higher ammonia concentration. The growth of ZnO film was also carried out at different temperatures with the same growth solution and growth time. No ZnO flower can be grown on ITO substrate when growth temperature is smaller than 60˚C. When the growth temperatures is in the range of 60˚C -90˚C, ZnO film on ITO substrates exhibit similar morphology (Figures 6(a)-(c) ), being assembled with ZnO flowers. The quantity and diameter of petals on ZnO flowers grown at 60˚C are smaller than those grown at 70˚C -90˚C. On the other hand, the diameters of ZnO flowers increase gradually from 5.74 ± 0.68 μm (60˚C) to 9.64 ± 0.70 μm (90˚C), and the variation of diameter can be found in Figure 6(d) .
In general the solution growth ZnO nanowires grow along [001] directions [25] . The petals in flower-like ZnO particles in our experiments grow also along [001] direction (Figure 3(c) ). Accordingly, the unique morphology of ZnO particles and ZnO film would be reasonably ascribed to the feature of nucleation process during the growth.
The clear transparent growth solution turns turbid 40 minutes after temperature increased to 70˚C, suggesting definitely that nucleation of ZnO can occur homogeneously in bulk growth solution. Meanwhile, ZnO can be found on side wall of beaker, implying that the hetero-nucleation can occur at solution/ITO interface and solution/beaker interface. The direct nucleation of ZnO on ITO substrate is also suggested by SEM image recorded from sample subjected to 1 hour growth (Figure 4(b) ), where tiny ZnO particles can be found on the surface of ITO substrate. The possibility that these tiny nuclei are formed by homogeneous reaction in bulk precursor solution and then precipitate on the surface of ITO substrate can be excluded by control experiment. The control experiment was carried out under the same recipe as those used to grow hierarchical ZnO film, except that the ITO substrate was placed with the target surface (ITO) facing downward. In this control experiment any precipitation effect is removed, and ZnO flower can be found on the surface of ITO film ( Figure S5 , Supporting Information). The result of control experiment confirms definitely that hetero-nucleation can occur at solution/ITO interface in our experiment. In hydrothermal growth of TiO 2 nanowires on FTO substrate, the direct nucleation of TiO 2 on FTO substrate was attributed to specific facet of FTO suitable for the epitaxial growth of TiO 2 [56] .
In our experiments similar mechanism might contribute to the nucleation of ZnO, whilst it is also possible that the nucleation is induced by the surface protuberance, because ZnO nucleation can be formed on both ITO substrate and ordinary glass (sidewall and bottom of beaker). This hypothesis can be confirmed by the reported results that ZnO can nucleate on rough surface [40] . In addition, tiny nucleus (~20 nm diameter) might form on the surface of pre-existing ZnO at the early stage of growth (Figure 4(d) ), because of the high Zn 2+ concentration at this stage.
When the reaction proceeds to ca. 100 minutes, the growth solution turns clear, suggesting that the homogeneous nucleation in bulk solution is forbidden. Meanwhile, the thickness of ZnO assembly increases with reaction times, from ca. 18 μm for 2 hours growth to ca. 50 μm for 6 hours growth, suggesting that new nuclei would from on previously formed ZnO flowers. Two typical morphologies of petals in ZnO flowers can be found in 6 hours growth sample (Figure 1(b) ). The new nuclei might form on petals with step edges, which is similar to those occur in the hydrothermal growth of TiO 2 flowers assembly [57] .
Nucleation Process
According to the above mentioned discussion, three kinds of nucleation could occur during the growth of ZnO film, including homogeneous nucleation in bulk growth solution, heterogeneous nucleation on the surface of ITO substrate and the wall of beaker, as well as nucleation on the surface of pre-existing ZnO. On the other hand, the influence of growth time, ammonia quantity, and growth temperature on the morphology of ZnO film were known. Accordingly, the growth process of hierarchical ZnO film can be sketched (Scheme 1).
At the initial stage of growth, ZnO nuclei are formed heterogeneously on solution/ITO interface (step a in Scheme 1), and homogeneously in bulk precursor electrolyte (step b in Scheme 1). The nuclei formed in bulk solution would gradually precipitate onto the surface of ITO substrate (step c in Scheme 1). With time proceeding, nuclei loaded on ITO substrate growth into nanowires (step d in Scheme 1). Meanwhile, some nuclei formed homogeneously in bulk solution grow into flower-like particles in bulk solution (step e in Scheme 1), or some nuclei formed homogeneously in bulk solution precipitate onto the surface of previously formed nanowires and grow into flower-like particle (step f in Scheme 1). With time further proceeding, the concentration of Zn 2+ is so small that the homogeneous nucleation cannot occur, new nuclei might form on the tip of some previously formed ZnO petals, and grow into new flower-like particles (step g in Scheme 1). Meanwhile, the length of ZnO petals is increased so that some petals from adjacent flower-like particles intercrossed each other, forming a junction between adjacent flowers (step h in Scheme 1). These junctions behave like soldering points, gluing the neighbor ZnO particles. Once reaction time is sufficiently long, all ZnO flowers are inter-linked. Therefore, a ZnO film with firmly adhesion to the substrate is formed.
In this scenario, the influence of growth time, quantity of ammonia, and growth temperature on the morphology of ZnO film can be explained.
The morphology of ZnO particles grown with different times can be attributed to different concentration of Zn 2+ in growth solution at different times. At the initial stage of growth, the concentration of Zn 2+ is high, so that tiny ZnO nucleus can form on the surface of previous formed starlike nucleus (Figure 4(c) ). These tiny nuclei can grow into petals in the following growth. With growth time proceeding, the concentration of Zn 2+ is reduced, and no tiny nucleus will form on the surface of previous formed nuclei or petals once the concentration of Zn 2+ is sufficiently low. Therefore, it can be found that the quantity of petals is larger for ZnO flowers grown with 2 hours (Figure 4(f) ) than those grown for 6 hours (Figure 1(b) ).
On the other hand, the adhesion of ZnO film grown with different times can attributed to different growth stage at different times. Sufficient growth time is necessary for the formation of junctions between petals from neighbor ZnO flowers. Therefore, it is found that ZnO film grown with reaction time smaller than 5 hours is weakly attached to ITO substrate.
It has been documented that the nucleation of ZnO is influenced by the concentration of Zn 2+ in growth solution [33] . In seeded growth of ZnO nanowires on ITO or FTO substrate, the concentration of Zn 2+ is modulated by the concentration of ammonia or polyethylenimine . The influence of ammonia quantity on morphology of ZnO particles in our experiments can be attributed to different free Zn 2+ concentrations in growth solution with different ammonia concentration. In solution with 2 mL ammonia, the concentration of free Zn 2+ is high, so that the nucleation rate of ZnO particles is fast, and the surface of ZnO nuclei would be rough. When copious amount of ZnO nuclei begin to growth, the concentration of free Zn 2+ would rapidly decrease, so that the diameter of ZnO particles is small (Figure 5(a) ). On the other hand, rough surface of nuclei results to ZnO flowers with more petals (Figure 5(a) ). The concentration of free Zn 2+ decrease with ammonia concentration, and therefore, the quantity of ZnO nuclei decreases. As a consequent, the amount of Zn 2+ available for arms growth is increased, affording the growth of ZnO flowers with long petal. Therefore, the lateral sizes of ZnO flowers increase with the volume of ammonia in interval of 2 -3.5 mL. With volume of ammonia further increasing, the homogeneous nucleation of ZnO in bulk solution is suppressed, and only specific site on the surface of ITO substrate is ready for heterogeneous nucleation. In this case, the growth of ZnO is similar to those in seeded growth, and the homogeneous nucleation in bulk growth solution occurs occasionally, resulting to small amount of flower-like ZnO particles precipitating on the top of ZnO nanowires (Figure 5(e) , and Figure S4 , Supporting Information). It is worth noting that the diameters of flower-like ZnO particles grown in solution containing 3.5 mL and 4 mL ammonia is almost the same, despite that the resulting ZnO films show different morphological features. These similar diameter confirms that the different morphologies of sample grown in solution containing 3.5 mL and 4 mL can be ascribed to different nucleation features.
The nucleation of ZnO occurs only when the temperature of growth solution is increased to 60˚C -90˚C, suggesting that elevated temperature is necessary to activate the nucleation and growth of ZnO. Therefore, it is reasonable to propose that the more high growth temperature, the more ZnO can be precipitated from growth solution. Therefore, higher temperature benefits the growth of flower-like ZnO particles with larger lateral size (Figure 6 ).
Photoelectrochemical Performance
The absorption capability of ZnO film can be verified by UV-Vis diffuse reflectance (R) and transmittance (T) experiments. Figure 7(a) shows a typical reflectance and transmittance spectra of ZnO film grown for 6 hours at 70˚C in solution containing 3 mL ammonia. The band gap energy of ZnO fabricated by our method can be extracted from the reflectance spectrum to be 3.26 eV (Figure S6 , Supporting Information). The absorptance (A) can calculated with formula A = 1 − R − T. It is clearly shown that ZnO film can absorb more than 97% of incident light when the energy of incident photons is larger than the band gap energy of ZnO (i.e., wavelength < 380 nm). This feature suggests the promising application potential of ZnO film in solar energy harvesting.
Researches concerning the application of ZnO in DSSC, solar water splitting, photocatalyst, and etc have been extensively carried out. Here the promising application potential of hierarchical ZnO film is demonstrated by the photoelectrochemical experiments. , while under 100 mW/cm 2 illumination the sample yielded a photocurrent density of 0.45 mA/cm 2 at 1.23 V vs. RHE. The PCE has been calculated via the formula listed in experiment section, and can be found in Figure 7 (b) (solid line). The maximum conversion efficiency of ZnO film is 0.15% (at 0.8 V vs. RHE). This value is higher than that of undoped ZnO nanowires film (0.01%) [14] , and hierarchical ZnO assembly fabricated via a multistep approach (η max = 0.045%), [8] and similar to that of N-doped ZnO nanowires film (0.15%) [14] . This enhanced photoelectrochemical performance could be attributed to the morphology feature of ZnO film, where the assembly of flower-like ZnO particle enables the high efficiency of light absorption, and the cross-link configuration between adjacent ZnO flower benefit the charge transport. In addition, various methods have been developed to further improve photoelectrochemical performance of ZnO, including H 2 treatment [58] , N doping [8] [14], sensitization with visible light response materials (e.g. CdS, [59] [60] CdSe [59] ), and so on. Consequently, the photoelectrochemical of hierarchical ZnO film reported here can be further improved, suggesting the promising application potential of our approach and resulted hierarchical ZnO film in the field of solar energy conversion.
Conclusion
To be concluded, a facile one-step approach has been developed for the convenient fabrication of hierarchical ZnO film on substrates. The influences of reaction time, temperature, and ammonia quantity on the detailed morphology of hierarchical ZnO film have been investigated. The growth of hierarchical ZnO film has been proposed to follow a mechanism comprised of a multiple nucleation processes and a "self-welding" process because of the junctions of petals from neighboring ZnO flower. The fabricated ZnO film can absorb more than 97% of incident photons with wavelength shorter than 380 nm. The typical PEC efficiency of ZnO film is 0.15%, being higher than state-of-art value found on hierarchical ZnO film fabricated by multistep methods. The method introduced here offers a convenient approach for the synthesis of ZnO film with high water oxidation capability, and the resulting ZnO would be an ideal scaffold for further sensitization with dye or quantum dot, being promising in the field of solar energy harvesting. 
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